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Abstract

their clinical practice.

these with great accuracy.

Background: Point-of-care ultrasound performed by clinicians is a useful supplement in the treatment and
assessment of patients. We aimed to investigate whether medical students with minimal training were able to
successfully acquire and interpret ultrasound images using a pocket-size imaging device (PSID) as a supplement to

Methods: Thirty 5th year (of six) medical students volunteered to participate. They were each given a personal PSID
device to use as a supplement to their physical examination during their allocated hospital terms. Prior to clinical
placement the students were given three evenings of hands-on training with PSID by a board certified radiologist/
cardiologist, including three short lectures (<20 min). The students were shown basic ultrasound techniques and
taught to assess for basic, clinically relevant pathology. They were specifically instructed to assess for the presence
or absence of reduced left ventricular function (assessed as mitral annular excursion < 10 mm), pericardial effusion,
pleural effusion, lung comets, hydronephrosis, bladder distension, gallstones, abdominal free-fluid, cholecystitis, and
estimate the diameter of abdominal aorta and inferior vena cava.

Results: A total of 211 patients were examined creating 1151 ultrasound recordings. Acceptable organ presentation
was 73.8% (95% Cl 63.1-82.6) for cardiovascular and 88.4% (95% Cl: 80.6-93.6) for radiological structures. Diagnostic
accuracy was 93.5% (95% Cl: 89.0-96.2) and 93.2% (95% Cl: 87.4-96.5) respectively.

Conclusion: Medical students with minimal training were able to use PSID as a supplement to standard physical
examination and successfully acquire acceptable relevant organ recordings for presentation and correctly interpret

Keywords: Echocardiography, Point-of-care ultrasound, Bedside, Medical student, Hand-held

Background

We are increasingly reliant upon expensive and time-
consuming biochemical and radiologic diagnostics to aid
us in our evaluation of patients. Unfortunately this still
results in major diagnostic errors in up to 30% of patients
at autopsy [1-3]. Furthermore the increasing age and
chronicity of the western population highlights the need
for improved out of hospital diagnosis and treatment.
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Point-of-care ultrasonography allows for the near instant-
aneous acquisition of real-time dynamic images, which can
be correlated directly to the patient’s signs and symptoms
[4,5]. It has been shown to increase diagnostic accuracy,
rapidly and cost effectively in the hands of experts and
non-experts [6-13]. Furthermore, portable ultrasonography
is a valuable teaching tool in medical anatomy and physi-
ology as well as physical examination [14-18]. Despite this
most medical students are not routinely educated in the
clinical use of point-of-care ultrasonography, as they are in
more widely accepted and traditional techniques, such as
the stethoscope. This may in part be due to the lack of
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evidence regarding the bedside use of pocket-size ultra-
sound by medical students.

We aimed to investigate whether medical students with
minimal training were able to successfully acquire and
interpret ultrasound images using a pocket-size imaging
device (PSID) as a supplement to their clinical practice.

Methods

Medical students

The fifth year (of six) medical students eligible to partici-
pate in the study based on planned hospital rotations
received verbal and written information from the authors
regarding the study. Participation in the study was not
part of the students’ curriculum and all participating
students were volunteers. The first 30 students whom
volunteered were included in the study. There were no
further inclusion or exclusion criteria. The number of
participating students was limited to the number of
available PSID. The medical students had similar limited
experience in ultrasound.

Study population

All patients over 18 years of age, encountered in-hospital
and at outpatient clinics during the students’ clinical
placement periods were eligible for inclusion. The patients
were included from a total of seven regional hospitals
between January-May 2012. There were no exclusion
criteria, and all participating patients provided informed
consent.

Training and education of medical students
The medical students received three evenings (nine hours)
of combined theoretical and practical training in the use
and interpretation of ultrasound images. The theoretical
training was given as short didactical lectures by relevant
specialists (cardiologists and radiologists) and focused on
basic ultrasound physiology, anatomy and examples of
normal and pathological ultrasound images. Students were
specifically trained to assess for pathology relevant in
the immediate emergency care of patients. They were
instructed to assess for reduced left ventricular (LV)
function defined as mitral annular excursion (MAE)
<10 mm [19-21], pericardial effusion, pleural effusion,
lung comets, inferior vena cava (IVC) diameter and
variation, hydronephrosis, bladder distension, gallstones,
signs of cholecystitis, diameter of abdominal aorta (AA)
and abdominal free-fluid. Practical hands-on training
was given by relevant specialists and senior registrars,
with students using their personal PSID. Students were
encouraged to perform at least 75 examinations prior
to placement.

Written informed consent was obtained from all
patients. The Regional Committee for Medical and
Health Research Ethics had no objections to the
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study’s conduction, which was conducted according to
the Declaration of Helsinki.

Pocket-size ultrasound examination

The ultrasound examination was performed bedside with a
PSID, Vscan (GE Vingmed Ultrasound, Horten, Norway).
The device measures 135 x 73 x 28 mm and weighs 390 g,
including the phased-arrayed probe. Two-dimensional grey
scale and live colour Doppler imaging are offered. The
image sector for echocardiographic imaging is 75°. The
bandwidth ranges from 1.7 to 3.8 MHz and is automatically
adjusted. Storage and looping of a cardiac cycle are possible
without ECG signal and looping of other structures is pre-
defined and limited to 2 seconds. The device has separate
modes optimized for cardiac and abdominal examinations.
All images and recordings were saved on the device’s
micro-SD card and later transferred to a computer by
commercial software (Gateway; GE Vingmed Ultrasound).

The bedside (point-of-care) cardiovascular ultrasound
examination was performed with patients in the left-
lateral decubitus and/or supine position. Assessment of
LV global function was done from the apical four-
chamber view using MAE, where MAE <10 mm was
classified as decreased LV function. Pericardial effusions
were classified as present or not. The AA and IVC were
assessed from the subcostal position. The AA diameter
was assessed proximally to the bifurcation and if exceed-
ing 35 mm classified as an abdominal aortic aneurysm
(AAA). IVC diameter was measured end-expiratory within
two cm from the right atrium orifice. All measurements of
dimensions were done on the PSID. With patients in a
supine or upright position, the pleura was assessed from
left and right thoracic dorsolateral views, and assessed for
the presence of pleural effusions and comet tails.

Other abdominal structures and spaces were assessed
from a supine position looking specifically for hydrone-
phrosis, bladder distension, gallstones, and signs of chole-
cystitis, and abdominal free-fluid.

Accuracy

The students were required to hand-in a log of selected
examinations including their own set diagnosis based upon
PSID examination. The specialists, one board certified
radiologist and 2 board certified cardiologists with special
interest in ultrasonography and echocardiography, were
asked to categorize the image acquisition of relevant organ
as acceptable or unacceptable for clinical interpretation
and then determine whether the set diagnosis of the
acceptable images were correct or incorrect. The specialists
were not blinded to the set diagnosis.

Statistics
Data not following a normal distribution were presented
as median and (interquartile) range. For sufficiently large
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samples logistic mixed model with random intercepts
for students was used to examine estimate proportions.
Clopper-Pearson estimates were used for small sample
analyses. Sensitivity and specificity, negative and positive
predictive value calculations were performed using rele-
vant specialists as “gold standard”.

All the statistical analyses were performed using SPSS
for Windows/Mac (version 20.0, SPSS, Inc.) or R version
2.13.1.

Results

Thirty 5th year (of six) medical students volunteered to
participate in the study. At the end of the study period
and their clinical placement, 21 (70%) medical students
had performed exams using PSID and recorded their
results. A total of 211 patients were examined (43% male,
38% female and 18% unrecorded sex), creating 1151
ultrasound recordings. Each student examined a median
of 9 (£8, range 1-27) patients, producing a median of 49
(+49, range 5-169) ultrasound recordings. Acceptable
organ presentation (Figure 1) was estimated to 73.8%
(95% CI 63.1-82.6) for cardiovascular (heart, lungs and
IVC) and 88.4% (95% CI: 80.6-93.6) for radiological
(AA, renal system, gallbladder and abdominal free fluid)
structures. Specifically, students performed best when
acquiring images of the lungs and renal system (>93%
(95% CI: 84.3-98.2) and found it most difficult to acquire
acceptable images of the heart (71.2% (95% CI: 58.7-81.5))
and free fluid (73.2% (95% CI: 41.4-92.7)). The other
categories (AA, IVC and gallbladder) had acceptable
presentation in >80% (95% CI: 65.2-92.9) of cases. Diag-
nostic accuracy (Figure 2) was estimated at 93.5% (95%
CI: 89.0-96.2) for cardiovascular structures and 93.2%
(95% CI: 87.4-96.5) for radiological structures. The specific
diagnostic accuracy was on a whole excellent. Diagnostic
accuracy was close to 100% for AA (98.6% (95% CI: 92.7-
100)) and free abdominal fluid (100% (95% CI: 76.8-100))
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and lowest for gallbladder at 87.6% (95% CI: 73.7-95.1).
The remaining categories showed diagnostic accuracy
>93% (95% CI: 83.3-99).

The estimated values for sensitivity, specificity, negative

and positive predictive values of PSID are presented in
Table 1.

Discussion

Medical students, with a limited amount of training,
successfully incorporated the use of point-of-care ultra-
sonography in their clinical placements. They were able
to correctly acquire bedside ultrasound images of car-
diovascular and radiological structures in 74 and 88%
of their patients and correctly interpret these images in
93% of cases.

An attempt to simulate real life scenarios was done
when determining the feasibility and accuracy. In our
experience, when non-experts use pocket-size ultrasound
at the patients point-of-care they may have the need to
clarify or present their ultrasound findings to a specialist
for review or guidance. The specialists were in this setting
used as the gold standard with regards to statistical ana-
lysis and were not blinded to the set diagnosis. Optimally
this would have been done by higher order, formal
imaging, but that was beyond the scope of this study
in terms of logistics and economy.

Other studies have shown that medical students are
able to quickly acquire ultrasound recordings of good
quality on normal test subjects, in optimal conditions
with a standard ultrasound machine and PSID after a
brief period of training [22,23]. For the assessment of
diagnostic accuracy in our study, only acceptable organ
images were used. This may have diluted the true diag-
nostic accuracy to some extent. However the lack of a
formal gold standard/reference made the basis for this,
as assessing accuracy in non-acceptable images is useless
when no reference is available.

system, Gallbladder and Abdominal free fluid. AA; Abdominal aorta.

Figure 1 Acceptable organ presentation. Cardiovascular all; heart, IVC and Lungs, IVC; Inferior vena cava, Radiological all; includes AA, Renal
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and Abdominal free fluid. AA; Abdominal ao.

Figure 2 Correct diagnosis. Cardiovascular all; heart, IVC and Lungs, IVG; Inferior vena cava, Radiological all; includes AA, Renal system, Gallbladder

A recent, though smaller study with five final year
medical students has shown encouraging results using
pocket-size cardiac ultrasonography as an adjunct to
standard physical examination in cardiology patients [9].
We have broadened the field, looking at several different
organ systems and included diverse groups of hospital
and emergency room patients.

The European Association of Echocardiography pub-
lished a position statement in 2010 regarding with the
use of PSID [24]. It supports the use of PSID as a teaching
tool in medical schools, as a tool for a fast initial screening
in the emergency setting, and as a complement to the
standard physical examination.

Previous studies have shown increased accuracy, efficacy
and diagnostic impact of pocket-size point-of-care ultra-
sonography in the hands of experts versus non-experts
[6-8,11,13,25]. Thus the benefits of bedside PSID exams
increase with increasing proficiency in its use and profi-
ciency has been shown to increase with increasing use
[23]. Additionally, ultrasonography has been shown to
increase the skills of medical students in core subjects
such as anatomy, physiology, and physical examination

[9,14-18]. Therefore standardized training with an appro-
priate education program in the routine use PSID as an
adjunct to standard physical examination should start as
early as possible in a physician’s career.

Limitations

The main limitation of this study is the inability to
exclude for selection bias. With the use of their log-
books, students were able to select which ultrasound
loops were eligible for review. This selection and spectrum
bias may have lead to some overestimation of the results
for feasibility and accuracy, however the degree of
selection bias is in line with similar studies involving
unselected residents and nurses [26,27]. Furthermore
one student did not hand in a completed logbook and a
further eight students did not perform any examinations
with PSID and were therefore excluded from the study.
The number of students not performing any examinations
was probably influenced by several factors. Firstly the use
of PSID in their clinical placement was not a mandatory
exercise for the medical students. Secondly, as this was a
trial of the use of PSID the students received specific

Table 1 Sensitivity, specificity, positive and negative predictive values

Pathology to detect N Pathology (N total)

Sensitivity % (95% Cl)

Specificity % (95% Cl)

PPV % (95% ClI)

NPV % (95% Cl)

All cardiovascular 156 (468) 95.5 (90.9-97.9)

Cardiac only 115 (338) 98.3 (93.9-100) *
IVC 20 (71) 84.5 (57.2-96.3)
Lungs 21 (59) 90.5 (68.8-97.6)
All abdominal 104 (453) 92,6 (83-97.1)
AA 12 (74) 91.7 (61.5-98.6)*
Renal system 48 (282) 89.9 (77.2-95.9)
Gallbladder 35 (84) 94.3 (80.8-99.1)*

Abdominal free fluid 9 (14) 100 (66.2-100)*

924 (83.7-96.9)
90.8 (78.8-96.7)
100 (93.0-100) *
94.7 (82.2-99.4)*
92.2 (82.9-96.9)
100 (94.2-100)*
93.3 (82.5-98.0)
85.6 (71.5-934)
100 (48.0-100)*

87.0 (75.3-934)
84.5 (62.6-95.6)
100 (80.5-100)*
90.5 (69.6-98.6) *
80.1 (63.3-91.0)
100 (71.3-100)*
73.1 (484-89.6)
824 (63.7-93.1)
100 (66.2-100)*

976 (95.0-98.8)
99.0 (96:4-99.9) *
94.8 (82.9-98.7
94.7 (82.2-99.2)*

(

(

(

(

984 (91.5-99.6)*
97.5 (85.7-99.7
95.5 (84.5-99.3%
100 (48.0-100)*

)
)
)
975 (92.6-99.2)
)
)

N; number, Cl; confidence interval, PPV positive predictive value, NPV; negative predictive value, IVC; inferior vena cava, AA; abdominal Aorta. * Clopper-Pearson Cl.
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instructions not to let the trial come in the way of their
other academic responsibilities. Thirdly, the inclusion
of patients was performed by the medical students
themselves, which may have created a further barrier for
its use. Lastly the use of ultrasound imaging is operator
dependant, enthusiastic students will likely acquire more
and better images reflecting a more realistic picture of it’s
clinical use, i.e. those skilled in ultrasound will also be the
ones using it the most.

Conclusion

Medical students with minimal training were able to use
PSID as a supplement to standard physical examination
and successfully acquire acceptable relevant organ images
for presentation and correctly interpret these with great
accuracy. Incorporating training of point-of-care ultrasound
in medical student education may be one step further
towards a more widespread use of ultrasound and a faster
and more accurate diagnosis for patients.

Abbreviations

PSID: Pocket-size imaging device; LV: Left ventricular; MAE: Mitral annular
excursion; IVC: Inferior vena cava; AA: Abdominal aorta; AAA: Abdominal
aortic aneurysm.

Competing interests
GE Healthcare provided 20 of the 30 PSID devices used during this study as
a loan. No financial support was received.

Authors’ contributions

GNA participated in the study design and coordination, education of medical
students, data processing, performed the statistical analysis and drafted the
manuscript. AV participated in the coordination of the study, education of the
medical students and review of relevant images. OCM participated in the
coordination of the study, education of the medical students and review of
relevant images. @S participated in the design of the study and performed the
statistical analysis. HD participated in the design of the study, performed the
statistical analysis and helped to draft the manuscript. BOH conceived of the
study and participated in its design and coordination, education of the medical
students and review of relevant images and helped to draft the manuscript. All
authors read and approved the final manuscript.

Acknowledgements

We thank all the participating medical students for their invaluable assistance
with the inclusion and data collection for this study. The Norwegian University
of Science and Technology (NTNU) and Nord-Trendelag Health Trust, both
Norway, funded this study. GNA, OCM, HD and BOH hold positions at the
Medical Imaging Laboratory, NTNU, a Centre of Research-based Innovation that
is funded by the Research Council of Norway and industry. One of the industry
partners is GE Vingmed Ultrasound. The Centre has a total budget of app. 124
million NOK for the 8 year period 2007-2014, and the contribution from GE
Vingmed Ultrasound to this budget is app. 7 million NOK (app. 6%).

Author details

'MI Lab and Department of Circulation and Medical Imaging, Norwegian
University of Science and Technology, Postboks 8905, 7491 Trondheim,
Norway. *Clinic of Cardiology, St. Olav Trondheim University Hospital,
Trondheim, Norway. *Levanger Hospital, Nord-Trendelag Health Trust, 7600
Levanger, Norway. “Clinic of Radiology and Nuclear Medicine, St. Olav
Trondheim University Hospital, Trondheim, Norway. *Department of Cancer
Research and Molecular Medicine, Norwegian University of Science and
Technology, Trondheim, Norway.

Received: 4 January 2014 Accepted: 17 July 2014
Published: 28 July 2014

Page 5 of 6

References

1. Burton JL, Underwood J: Clinical, educational, and epidemiological value
of autopsy. Lancet 2007, 369(9571):1471-1480.

2. Kirch W, Schafii C: Misdiagnosis at a university hospital in 4 medical eras.
Medicine (Baltimore) 1996, 75(1):29-40.

3. Pastores SM, Dulu A, Voigt L, Raoof N, Alicea M, Halpern NA: Premortem
clinical diagnoses and postmortem autopsy findings: discrepancies in
critically ill cancer patients. Crit Care 2007, 11(2):R48.

4. Moore CL, Copel JA: Point-of-care ultrasonography. N £ngl J Med 2011,
364(8):749-757.

5. Kimura BJ, Amundson SA, Shaw DJ: Hospitalist use of hand-carried
ultrasound: preparing for battle. J Hosp Med 2010, 5(3):163-167.

6. Andersen GN, Haugen BO, Graven T, Salvesen @, Mjelstad OC, Dalen H:
Feasibility and reliability of point-of-care pocket-sized echocardiography.
Eur J Echocardiogr 2011, 12(9):665-670.

7. Galderisi M, Santoro A, Versiero M, Lomoriello VS, Esposito R, Raia R, Farina F,
Schiattarella PL, Bonito M, Olibet M, de Simone G: Improved cardiovascular
diagnostic accuracy by pocket size imaging device in non-cardiologic
outpatients: the NaUSiCa (Naples ultrasound stethoscope in cardiology)
study. Cardiovasc Ultrasound 2010, 8:51.

8. Mjglstad OC, Dalen H, Graven T, Kleinau JO, Salvesen O, Haugen BO:
Routinely adding ultrasound examinations by pocket-sized ultrasound
devices improves inpatient diagnostics in a medical department. £ur J
Intern Med 2012, 23(2):185-191.

9. Panoulas VF, Daigeler AL, Malaweera AS, Lota AS, Baskaran D, Rahman S,
Nihoyannopoulos P: Pocket-size hand-held cardiac ultrasound as an ad-
junct to clinical examination in the hands of medical students and junior
doctors. Eur Heart J Cardiovasc Imaging 2013, 14(4):323-330.

10.  Prinz C, Voigt J-U: Diagnostic accuracy of a hand-held ultrasound scanner
in routine patients referred for echocardiography. J Am Soc Echocardiogr
2011, 24(2):111-116.

11. Skjetne K, Graven T, Haugen BO, Salvesen @, Kleinau JO, Dalen H:
Diagnostic influence of cardiovascular screening by pocket-size
ultrasound in a cardiac unit. Eur J Echocardiogr 2011, 12(10):737-743.

12. Badano LP, Nucifora G, Stacul S, Gianfagna P, Pericoli M, Del Mestre L, Buiese S,
Compassi R, Tonutti G, Di Benedetto L, Fioretti PM: Improved workflow,
sonographer productivity, and cost-effectiveness of echocardiographic
service for inpatients by using miniaturized systems. Eur J Echocardiogr 2009,
10(4):537-542.

13. Mjolstad OC, Andersen GN, Dalen H, Graven T, Skjetne K, Kleinau JO, Haugen
BO: Feasibility and reliability of point-of-care pocket-size echocardiography
performed by medical residents. Eur Heart J Cardiovasc Imaging 2013,
14(12):1195-1202.

14.  Mircea P-A, Badea R, Fodor D, Buzoianu AD: Using ultrasonography as a
teaching support tool in undergraduate medical education - time to
reach a decision. Med Ultrason 2012, 14(3):211-216.

15. Mouratev G, Howe D, Hoppmann R, Poston MB, Reid R, Varnadoe J, Smith S,
McCallum B, Rao V, Demarco P: Teaching medical students ultrasound to
measure liver size: comparison with experienced clinicians using
physical examination alone. Teach Learn Med 2013, 25(1):84-88.

16.  Decara JM, Kirkpatrick JN, Spencer KT, Ward RP, Kasza K, Furlong K, Lang RM:
Use of hand-carried ultrasound devices to augment the accuracy of
medical student bedside cardiac diagnoses. J Am Soc Echocardiogr 2005,
18(3):257-263.

17. Swamy M, Searle RF: Anatomy teaching with portable ultrasound to
medical students. BMC Med Educ 2012, 12:99.

18. Sweetman GM, Crawford G, Hird K, Fear MW: The benefits and limitations
of using ultrasonography to supplement anatomical understanding.
Anat Sci Educ 2013, 6(3):141-148.

19. Alam M, Hoglund C, Thorstrand C: Longitudinal systolic shortening of the
left ventricle: an echocardiographic study in subjects with and without
preserved global function. Clin Physiol 1992, 12(4):443-452.

20. Hoglund C, Alam M, Thorstrand C: Atrioventricular valve plane
displacement in healthy persons. An echocardiographic study. Acta Med
Scand 1988, 224(6):557-562.

21, Alam M, Hoglund C, Thorstrand C, Philip A: Atrioventricular plane
displacement in severe congestive heart failure following dilated
cardiomyopathy or myocardial infarction. J Intern Med 1990, 228(6):569-575.

22. Fernandez-Frackelton M, Peterson M, Lewis RJ, Perez JE, Coates WC:

A bedside ultrasound curriculum for medical students: prospective
evaluation of skill acquisition. Teach Learn Med 2007, 19(1):14-19.



Andersen et al. BMC Medical Education 2014, 14:156
http://www.biomedcentral.com/1472-6920/14/156

23.

24.

25.

26.

27.

Cawthorn TR, Nickel C, O'Reilly M, Kafka H, Tam JW, Jackson LC, Sanfilippo AJ,
Johri AM: Development and evaluation of methodologies for teaching

focused cardiac ultrasound skills to medical students. J Am Soc Echocardiogr

2014, 27(3):302-309.

Sicari R, Galderisi M, Voigt JU, Habib G, Zamorano JL, Lancellotti P, Badano LP:
The use of pocket-size imaging devices: a position statement of the
European Association of Echocardiography. Eur J Echocardiogr 2011,
12(2):85-87.

Frederiksen CA, Juhl-Olsen P, Larsen UT, Nielsen DG, Eika B, Sloth E: New
pocket echocardiography device is interchangeable with high-end
portable system when performed by experienced examiners. Acta
Anaesthesiol Scand 2010, 54(10):1217-1223.

Ruddox V, Stokke TM, Edvardsen T, Hjelmesaeth J, Aune E, Baekkevar M,
Norum B, Otterstad JE: The diagnostic accuracy of pocket-size cardiac
ultrasound performed by unselected residents with minimal training.
Int J Cardiovasc Imaging 2013, 29(8):1749-1757.

Henderson SO, Ahern T, Williams D, Mailhot T, Mandavia D: Emergency
department ultrasound by nurse practitioners. J Am Acad Nurse Pract
2010, 22(7):352-355.

doi:10.1186/1472-6920-14-156

Cite this article as: Andersen et al.: Feasibility and accuracy of point-of-
care pocket-size ultrasonography performed by medical students. BMC
Medical Education 2014 14:156.

Page 6 of 6

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Medical students
	Study population
	Training and education of medical students
	Pocket-size ultrasound examination
	Accuracy
	Statistics

	Results
	Discussion
	Limitations

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


